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Objective of the Deep subsurface structure Model 

National Research Institute for Earth Science and Disaster Prevention (NIED) 
Earth Research Institute of Tokyo Univ.     etc…	


Seismic Hazard Analysis  
　Probabilistic Seismic Hazard Maps 　(PSHMs) 　etc… 
　→　on the Web : J-SHIS (Japan Seismic Hazard Information Station) 

“strengthening disaster prevention measures, particularly for the 
reduction of damage and casualties from earthquakes “	


Observed waveform data 
 (K-NET, KiK-net  etc…)  →　	


Seismic Faults data             →	


←3D Deep subsurface　
structure model	


Headquarters for Earthquake Research 
Promotion　(HERP) 



Schematic overview of the subsurface 
structure models 

Engineering bedrock	


Vs ≈ 400 (300-700)m/s	


Seismic bedrock	


Vs ≈ 3,000m/s	


Surface waves	


Body waves	


Mohorovičić discontinuity 	


Seismic source fault	


Waves　amplifying	


Shallow subsurface structure	


Deep subsurface structure	


tens to hundreds of meters	


several kilometers	




Outlines of                                         
3D Deep subsurface structure model  
・Based on geological data and geophysical 

exploration data. 　　　　　　　　　　　　	


・Composed of different seismic velocity layers. 
・Vertically divided into 

cubes with about 1km 
mesh surface. 

1km	


1km	




Flow chart of modeling  
the Deep subsurface structure models 

Subsurface structure data 　　　　　　　
・Deep borehole, Logging 　　　　　　　　　　     
・Seismic reflection , refraction survey                    
・Micro tremor survey                                    
・Gravity survey	


Surface geological data 　　　     　　　　
・Topographical Map      　　　　　　 　　　　
・Geological Map 

Distribution of physical properties     　                 　　　
・Seismic wave velocity 　・Density 　　　     　　　　 

Structure of Sedimentary layers  　　　
・depth　・thickness  ･faluts 　・folds　　　 

Layered structure model of physical property　　　　　　　　　　　　　　　　　　　　　　　　 
(0th-order geological model）　　　 

Simulation of seismic waveform using the Layered Model　　　 

Model modification compared to observed waveform data 　　　　 

Deep subsurface structure model for Strong-motion Evaluation　　
(1st-order model）　 



 Surface geological data(1)	


Geological Map  1:200,000 
(Geological Survey of Japan)	


These maps are compiled as 
“Seamless digital geological map of Japan  
1:200,000”   on the web.  

using Geographic Information System (GIS) software.  

Foundation of                    
a geological model	




Surface geological data(2)	


Geological Map  1:200,000 
SHINJO AND SAKATA  

(Geological Survey of Japan)	


In some areas, we can use deep geological profiles 
down to 5,000m depth based on deep borehole. 



 

Surface geological data(3)                      
<Surface distribution of seismic bedrock >	


Old sedimentary rocks 

Plutonic rocks 

Metamorphic rocks 

Compiled from the data of Geological Survey of Japan	




Surface geological data(4)                      　　
<Surface distribution of sedimentary rocks>	


 

中新世　火山岩類

中部～下部中新世　堆積岩類

上部～中部中新世　堆積岩類

鮮新世　火山岩類

鮮新世　堆積岩類

Neogene rocks	


Pliocene sedimentary rocks	


Pliocene volcanic rocks 	


Late-Middle Miocene sedimentary rocks	


Middle-Early Miocene sedimentary rocks	


Early Miocene sedimentary rocks 　　　　　　	


Soft and low S-velocity ,                  
amplifying seismic waves	




Deep borehole and seismic logging data 
<Borehole and P-wave velocity : Niigata area>	


P-wave velocity (km/s) 
max scale : 7	


Neogene 
strata	


velocity  increasing    
with depth	




Depth distribution from seismic survey 	


Layer no.5 (Vs2.1km/s) upper surface	


Depth distribution of the upper surface of example layers	


Upper surface of the seismic bedrock	


Depth(m)	


Data of “Japan Oil，Gas and Metals National Corporation　(JOGMEC）” ,　　
“the Deep subsurface survey project”　　 by HERP ,“Japan Agency for 
Marine-　Earth Science and Technology (JAMSTEC）” and others.	




Flow chart of modeling  
the Deep subsurface structure models 

Subsurface structure data 　　　　　　　
・Deep borehole, Logging 　　　　　　　　　　     
・Seismic reflection , refraction survey                    
・Micro tremor survey                                    
・Gravity survey	


Surface geological data 　　　     　　　　
・Topographical Map      　　　　　　 　　　　
・Geological Map 

Distribution of physical properties     　                 　　　
・Seismic wave velocity 　・Density 　　　     　　　　 

Structure of Sedimentary layers  　　　
・depth　・thickness  ･faults 　・folds　　　 

Layered structure model of physical property　　　　　　　　　　　　　　　　　　　　　　　　 
(0th-order geological model）　　　 

Simulation of seismic waveform using the Layered Model　　　 

Model modification compared to observed waveform data 　　　　 

Deep subsurface structure model for Strong-motion Evaluation　　
(1st-order model）　 







Flow chart of modeling  
the Deep subsurface structure models 

Subsurface structure data 　　　　　　　
・Deep borehole, Logging 　　　　　　　　　　     
・Seismic reflection , refraction survey                    
・Micro tremor survey                                    
・Gravity survey	


Surface geological data 　　　     　　　　
・Topographical Map      　　　　　　 　　　　
・Geological Map 

Distribution of physical properties     　                 　　　
・Seismic wave velocity 　・Density 　　　     　　　　 

Structure of Sedimentary layers  　　　
・depth　・thickness  ･faluts 　・folds　　　 

Layered structure model of physical property　　　　　　　　　　　　　　　　　　　　　　　　 
(0th-order geological model）　　　 

Simulation of seismic waveform using the Layered Model　　　 

Model modification compared to observed waveform data 　　　　 

Deep subsurface structure model for Strong-motion Evaluation　　
(1st-order model）　 
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spectral ratio 
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Difference of peak periods	


  red circle  : peak period of average observed R/V spectral ratio	


- gray lines : observed R/V spectral ratios	


- black line : average observed R/V spectral ratio 
- pink line   : calculated  H/V spectral ratio  based on Vs and	


 thickness of layers of the 0th-order geological model (right figure)	




Model modification by comparison of observed R/
V and model-calculated H/V spectral ratios (1)	


Example : Hokkaido area	


0th-order geological model	
 Modified model 	


Difference of peak periods	

Peak periods are the same	


Modified layer 
structure	




1st-order velocity layered model(1)	


Upper surface of the layer No.25 (Vs 
= 2.1km/s)	


Depth distribution of the upper surface of example layers	


Upper surface of the seismic bedrock (Vs 
> 3.1km/s)	




Comparison between observed and calculated 
waveforms using the 0th-order, 1st-order models	


Good correspondence ! 

-black line : observed waveforms	


-red line : calculated waveforms using 1st-order model 	


-blue line : calculated waveforms using 0th-order model	




Schematic overview of the subsurface 
structure models 

Engineering bedrock	


Vs ≈ 400 (300-700)m/s	


Seismic bedrock	


Vs ≈ 3,000m/s	


Surface waves	


Body waves	


Mohorovičić discontinuity 	


Seismic source fault	


Waves　amplifying	


Shallow subsurface structure	


Deep subsurface structure	


tens to hundreds of meters	


several kilometers	




Outlines of                                          
3D Shallow subsurface structure Models 
・	
 Various	
 methods	
 for	
 making	
 Models.	
 
　	
 

　Conventional	
 method	
 	
 
	
 	
 	
 using	
 geomorphologic	
 classifications	
 
	
 	
 	
 :J-SHIS（250m	
 grid）	
 	
 	
 	
 	
 	
 	
 
　	
 
　Detailed	
 methods	
 
	
 	
 	
 	
 using	
 a	
 lot	
 of	
 boring	
 data	
 	
 
　　:recent	
 NIED	
 projects	
 (250m	
 grid）	
 
	
 
	

. 



S-wave velocity layered models 

Laterally continuous layers                  
with each N-Value 

3-D geological structure 

Relatinships of 

N-Value and Vs 
Boring columns                             

(stratigraphic divisions,N-Value) 

Flow chart of modeling  
the Shallw subsurface structure models 

Various Civil engineering projects  ⇒ Boring data ⇒ Database 



Boring Database of NIED 
:about 400 thousands of geological column data 

Boring points and depths	


27 thousands data           
in Chiba Pref. 	


10 thousands 
meshes(250m) includes 

boring data	


the number of data 
in 250m meshes	




Gological columns : detecting layer-boundaries   
発注機関
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Loam	
 layer 

Joso-clay 

S h i m o u s a	
 
F. 

Holocene：	
 
Dune-deposits 

S h i m o u s a	
 
F. 

海成粘土層	


Lm-10000 

cl-11000 

ss-20000 

cl-30000 

cl-30000 

bss-1200 

cl-2000 

ss-20000 

In the diluvial plateau	


Lm 

c2 

s4 

s4 

s4 
c2 

s5 

B2 

s3 

s3 

s3 

c2 

s3 

s5 

c4 

s5 

Late	
 Pleistocene	
 Marine	
 clay	
 
of	
 low	
 N-value	
 

In the coastal lower lands	


We	
 can	
 trace	
 	
 
these	
 strata	
 
as“key	
 beds”	
 
	
 

Geological 
divisions 

N-values 

Holocene：	
 
Marine clay 

Holocene	
 Marine	
 clay	
 
of	
 low	
 N-value	
 (≒0～2）	
 
	
 



Divisions of  strata 
	
Holocen	
 sediments	
 

　	
 Sedimentary	
 facies	
 Main	
 deposits	
 

Upper	
 	
 

topsoil,　
landfill	
 

sand,silt	
 

modern	
 river	
 	
 sand,silt	
 

dune,beach	
 	
 sand	
 

middle	
 

delta-front,　
pro-delta	
 	
 

sand,silt	
 

marine	
 clay,silt	
 

sand	
 bar	
 sand	
 

lower	
 

meandering	
 
river	
 	
 

sand,silt	
 

braided	
 river	
 gravel,sand	
 

Pleistocene	
 sediments	
 

Geological	
 divisions	
 Main	
 deposits	
 

Kanto	
 Loam	
 
volcanic	
 ash,　
clay	
 

Joso	
 Clay	
 clauey	
 deposits	
 

Shimousa	
 F.	
 

fluvial	
 sand,　
garvel	
 

marine	
 clay	
 

sand	
 

Kazusa	
 F.	
 
alternations	
 of	
 
sandy	
 and	
 
clayey	
 layer	
 

Engineering	
 bed	
 rocks	
 :	
 

N>>50	
 



dt-300
pt-500
cl-800
ss-1000
bss-1200
cl-1500
cl-2000
ss-5000
cl-5500
gv-7000
Lm -10000
cl-11000
ss-15000
cl-15500
ss-20000
cl-30000
ss-40000
cl-50000
ss-60000

Tracing each stratum  and 
profiling in 2-Dimension 

	

 

沖積層：埋没谷の堆積物 

北西 

北東 

南西 

海岸線に平行する方向（台地上）  

南東 

海岸線に直交する方向  

ss-‐‑‒60000  
 

ss-‐‑‒60000  
 

沖積層：砂丘堆積物 

下総層群：海成粘土 

ss-‐‑‒60000  
 

交点 

交点 

Pleistocene：Marine clay 

Holocene：Dune deposits 

Holocene：buried	
 Valley 

Engineering	
 bedrock 

Engineering	
 bedrock 

SW NE 

SE 
NW 



Constructing  3-Dimensional 
geological sturctures 

Same colored dots indicate same layer-
boundaries. 



 Assigning geological data to 
each 250m mesh	


s1 

s2 

c1 

In	
 meshes	
 absent	
 from	
 
data,	
 geological	
 divisions	
 
are	
 established	
 by	
 
extrapolating	
 the	
 data	
 
from	
 surrounding	
 meshes.	


Geological	
 divisions	
 
are	
 estimated	
 using	
 
boring	
 columns	
 data.	




  Interrelations of N-values and S-wave velocities 
	


S 波速度と N値の関係式  

	
 今回のデータの回帰式	
 中央防災会議の回帰式	
 

粘性土（沖積・洪積）	
 Vs=123.8・N0.2641	
 Vs=111.3・N0.3144	
 

砂質土（沖積・洪積）	
 Vs=90.58・N0.3219	
 Vs=94.38・N0.3020	
 

礫質土（沖積・洪積）	
 Vs=121.9・N0.2635	
 Vs=123.05・N0.2443	
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礫質土
－：中央防災会議による関係式 
－：今回求めた関係式 
◆：PS検層による S波速度 
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 shear wave velocity data 
 by PS logging 
 

 N-value 
 

 N-value 
 

 N-value 
 





Geological Profile	
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engineering  bedrocks 

 base of Holocene sediments 

速度断面	
 :	
 緯度	
 =	
 35度	
 39分	
 33.75秒（経度	
 =	
 140度	
 00分	
 05.625秒～140度	
 07分	
 24.374秒）
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Shallow subsurface sturcture 
models                                       : Profiles of the ground	


With Deep subsurface structure model , these Shallow ones are 
used for Strong-motion Evaluation　　(1st-order model）　 

S-wave velocity profile	

EL 
(m) 

Vs(m/sec) 



Conclusions : 
･ Deep subsurface structure model based on geological 
data covers all over Japan. 
･ Modified model is useful to simulate strong motions 
caused by future earthquakes and can be downloaded 
from the website of "J-SHIS". 
･ Shallow subsurface structure model based on geological 
data covers Kanto and Niigata districts. 
･ These models are useful for Strong-motion Evaluation 



Several problems : 

･Deep subsurface structure model could be upgraded to 
more precise one based on more and more geological and 
geophysical exploration data.  
･Deep model must be integrated with the shallow one　 
and must be tuned by micro tremor survey data. 
･Constructing shallow subsurface model is man-power 
consuming work, so we must developed more efficient 
method. 



That’s all.  
Thank you for your attention . 

	


 


